The status of the solar axion search with the CERN Axion Solar Telescope (CAST) will be presented. Recent results obtained by the use of 3 He as a buffer gas has allowed us to extend our sensitivity to higher axion masses than our previous measurements with 4 He. With about 1 h of data taking at each of 252 different pressure settings we have scanned the axion mass range 0.39 eV≤ ma ≤ 0.64 eV. From the absence of an excess of x rays when the magnet was pointing to the Sun we set a typical upper limit on the axion-photon coupling of gaγ ≤ 2.3 × 10 −10 GeV −1 at 95% C.L., the exact value depending on the pressure setting. CAST published results represent the best experimental limit on the photon couplings to axions and other similar exotic particles dubbed WISPs (Weakly Interacting Slim Particles) in the considered mass range and for the first time the limit enters the region favored by QCD axion models. Preliminary sensitivities for axion masses up to 1.16 eV will also be shown reaching mean upper limits on the axion-photon coupling of gaγ ≤ 3.5 × 10 −10 GeV −1 at 95% C.L. Expected sensibilities for the extension of the CAST program up to 2014 will be presented. Moreover long term options for a new helioscope experiment will be evoked.
The CAST sensitivity
The CAST (Cern Axion Solar Telescope) 1,2 experiment is using a decommissioned LHC dipole magnet to convert solar axions into detectable x-ray photons. Axions are light pseudoscalar particles that arise in the context of the Peccei-Quinn 3 solution to the strong CP problem and can be Dark Matter candidates 4 . Stars could produce axions via the Primakoff conversion of the plasma photons. The CAST experiment is pointing at our closest star, the Sun, aiming to detect solar axions. The detection principle is based on the coupling of an incoming axion to a virtual photon provided by the transverse field of an intense dipole magnet, being transformed into a real, detectable photon that carries the energy and the momentum of the original axion. The axion to photon conversion probability is proportional to the square of the transverse field of the magnet and to the active length of the magnet. Using an LHC magnet (9 T and 9.26 m long) improves the conversion probability by a factor 100 compared to previous experiments.
Thanks to its rotating platform CAST can point and track the Sun during 3 h while sunrise and sunset time. The rest of the day is devoted to measurements of background. Two different Xray detectors are used presently. Three Micromegas detectors 5,6,7 cover the two bores looking for sunset axions and one of the bores of the sunrise side. A CCD 8 is covering the forth emplacement in the sunrise side. One of the originalities of the experiment is the use of an X-ray focusing mirror system, designed and built as a spare for the X-ray astronomy mission ABRIXAS. It provides a focusing of the X-rays coming out of the magnet down to a spot of a few mm 2 on the CCD, further increasing the signal-to-noise ratio and therefore the sensitivity of the experiment.
The CAST experiment has been taking data since 2003 providing the most restrictive experimental limits on the axion-photon coupling for a broad range of axion masses 9,10,11,12 . In 2003 and 2004 the experiment operated with vacuum inside the magnet (CAST phase I) and set the best experimental limit on the axion-photon coupling constant in the range of axion masses up to 0.02 eV. Beyond this mass the sensitivity is degraded due to coherence loss. In order to restore coherence, the magnet can be filled with a buffer gas providing an effective mass to the photon. By changing the pressure of the buffer gas in steps, one can scan an entire range of axion mass values. The CAST experiment started this gas program entering its phase II at the end of 2005. From 2005 to 2007, the magnet bore was filled with 4 He gas extending the sensitivity to masses up to 0.4 eV. From March 2008 onwards the magnet bore was been filled with 3 He. With the end of the 2011 data taking in July, the CAST experiment has covered axion masses up to 1.18 eV surpassing the initial goal of the phase II which was to reach 1.16 eV. The results of the first part of the 3 He data, with a sensitivity up to 0.64 eV, have been published in 12 and are given in figure 1 (left) . In figure 1 (right) a more general plot shows the current experimental panorama. The three main front lines of direct detection experiments are highlited: laser-based laboratory techniques, helioscope (solar ALPs (Axion Like Particles) and axions),and microwave cavities (dark matter axions). The blue line corresponds to the current helioscope limits, dominated by CAST for practically all axion masses but for the m a ∼0.85-1 eV exclusion line from the last Tokyo helioscope results 13 . Also shown are the constraints from horizontal branch (HB) stars, supernova SN1987A, and hot dark matter (HDM). The yellow "axion band" represents the range of realistic models. The analysis of the data covering masses up to 1.18 eV is in progress and preliminary results were shown in the presentation. The collaboration has performed by-product analysis of the data taken, to look for other axion scenario to which CAST would also be sensitive. The TPC phase I data has been reanalysed in order look for 14 keV axions coming from M1 transitions 14 . In addition, data taken with a calorimeter during the phase I, were used to search for high energy (MeV) lines from high energy axion conversion 15 . Moreover a few days of data were taken with a visible detector coupled to one end of the CAST magnet 16 , in search for axions with energy in the "visible" range. A permanent setup has been installed in the experiment in order to take data without interfering with the standard program of CAST.
Short and long terms prospects: CAST up to 2014 and IAXO
The CAST Collaboration has decided to extend its program up to 2014 in order to profit from the fact that the Micromegas detectors presently running have a factor 20 better background level than at the beginning of the experiment in 2002. This fact allows us to consider revisiting some of the past data taking configurations with enhanced sensitivity to standard Peccei-Quinn axion models, the main objective of CAST. In 2012 the run is devoted to revisit phase II 4 He to enhance the sensitivity in the region of around 0.4 eV. This gain in sensitivity is expected from our current detectors that exhibit much better performances and at the same time the stepping strategy that will focus on a restricted mass range but with increased statistics per density step. This will allow to improve our current sensitivity obtained with 4 He run and to cross the benchmark KSVZ axion models. In parallel we are carrying out an ambitious R & D program to be ready for 2013 and 2014 where we would like to take data with vacuum in the magnet bores as in CAST phase I. To attain a significant gain in sensitivity we need detectors reaching background levels of the order of 10 −7 counts keV −1 cm −2 s −1 and new X-ray optics. We have a roadmap for Micromegas detectors to reach these background levels and a project of developing one new X-ray telescope to be installed in the Sunrise Micromegas line.
In order to reach further sensitivities a new axion helioscope, IAXO (International AXion Observatory) 17 , is being designed. The key ingredients are: a large and strong magnet, focusing optics and low background detectors. A complete feasibility study is currently in progress to optimise the magnet design that satisfies the requirements of IAXO. The toroidal design seems to be the simplest and cheapest candidate to improve significantly the sensitivity. Concerning the focussing optics, plastic-substrate techniques are the most promising. As regards to detectors, the IAXO proposal is based on the performance of the present Micromegas detectors with different improvements related to the optimisation of the shielding, the replacement of the present electronics by TPC-like electronics and the selection of non radioactive materials.
The aim of such experiment is to improve by a factor 10-30 the CAST sensitivity. Except for the axion dark matter searches in a narrow axion mass range, this experiment will be the most sensitive axion search ever, reaching or surpassing the stringent bounds from SN1987A and possibly testing the axion interpretation of anomalous white-dwarf cooling that predicts m a of a few meV.
